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© A digital modulator comprises a power control 
circuit for producing a digital power control signal, 
first and second digital multipliers for multiplying 
digital signals having orthogonal phase relationships 
with the digital power control signal, and first and 
second digital-to-analog (D/A) converters for convert- 
ing digital output signals from the first and second 
multipliers into analog signals. First and second low- 



pass filters are connected to outputs of the D/A 
converters, respectively, to filter out high frequency 
components. An orthogonal modulator is provided 
for mixing orthogonal phase carriers with the outputs 
of the first and second low-pass filters to produce 
first and second orthogonally modulated signals and 
combining the modulated signals to produce a trans- 
mit signal, which is amplified for transmission. 
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The present invention relates generally to digi- 
tal modulators, and more specifically to a base- 
station digital modulator for mobile communications 
system in which the transmission power of the 
base station is varied to compensate for variations 
in distance to mobile units. 

In mobile communications systems, the trans- 
mission power level of the base station is con- 
trolled in response to the power level of a signal 
received from the mobile unit so that the signal 
transmitted from the base station can be received 
at the mobile unit at a constant power level. With 
conventional digital modulators, this transmission 
power control is performed by a variable gain am- 
plifier in the power stage in response to a gain 
control signal supplied from a power control circuit. 
This power control circuit includes a selector switch 
which is responsive to a select command signal to 
select one of prescribed discrete gain control vol- 
tages. If these control voltages are switched from 
the lowest to the highest value, the switched output 
would linearly vary in the range of power levels 
required for compensating for possible distance 
variations. Sharp voltage transitions occur at the 
output of the selector switch as it switches from 
one level to another. The selected voltage is 
smoothed by an analog integrator since such tran- 
sitions would result in the spreading of the fre- 
quency spectrum of the transmitted signal if it is 
directly applied to the variable gain amplifier. How- 
ever, one disadvantage of the prior art power con- 
trol circuit is that due to analog circuit components 
of the power control circuit manual adjustments 
must be made to compensate for different circuit 
parameters. 

It is therefore an object of the present invention 
to eliminate manual adjustment of power control 
circuits by digitally multiplying orthogonal digital 
signals with a digital power control signal. 

According to the present invention, there is 
provided a digital modulator comprising a power 
control circuit for producing a digital power control 
signal, first and second digital multipliers for mul- 
tiplying digital signals having orthogonal phase re- 
lationships with the digital power control signal, and 
first and second digital-to-analog (D/A) converters 
for converting digital output signals from the first 
and second multipliers into analog signals. First 
and second low-pass filters are connected to out- 
puts of the D/A converters, respectively, to filter out 
high frequency components. An orthogonal 
modulator is provided for mixing orthogonal phase 
carriers with the outputs of the first and second 
low-pass filters to produce first and second or- 
thogonally modulated signals and combining the 
modulated signals to produce a transmit signal, 
which is amplified for transmission. 



Preferably, the power control circuit comprises 
a delay circuit for delaying an input digital power 
control signal for a prescribed interval to produce a 
delayed version of the signal. A memory is pro- 

5 vided for storing digital values in locations addres- 
sable in response to a non-delayed version of the 
input digital power control signal and the delayed 
version of the digital power control signal to pro- 
duce an output digital power control signal which 

10 varies gradually during the prescribed interval 
when there is a difference between the delayed 
and non-delayed versions of the power control sig- 
nal. 

The present invention will be described in fur- 
75 ther detail with reference to the accompanying 
drawings, in which: 

Fig. 1 is a block diagram of a digital modulator 
of the present invention; 

Fig. 2 is an equivalent circuit of the read only 

20 memory of Fig. 1; and 

Fig. 3 is a waveform diagram showing the 
waveform of a digital power control signal. 
Referring now to Fig. 1, there is shown a digital 
modulator of the present invention to be used in a 

25 base station of a cellular communication network. 
The digital modulator comprises a serial-to-parallel 
converter 1 in which transmit data is converted 
from serial to parallel form and applied to a known 
differential encoder 2 where the parallel data is 

30 differentially encoded into I and Q bit sequences. 
The I and Q bit sequences are passed through 
digital low-pass filters 3A and 3B, respectively, and 
applied to multipliers 4A and 4B where they are 
multiplied with a digital power control signal sup- 

35 plied from a power control circuit to control the 
transmission power level of the base station. The 
outputs of multipliers 4A and 4B are converted to 
analog signals by D/A converters 5 A and 5B, re- 
spectively, and passed through low-pass filters 6 A, 

40 6B to mixers 7A and 7B to be respectively modu- 
lated upon in-phase and quadrature-phase carriers 
from an oscillator 11. The modulated orthogonal- 
phase carriers are combined by an adder 8 and 
filtered by a band-pass filter 9 and applied to an 

45 amplifier 10 for amplification and transmission from 
the base-station antenna, not shown. 

The power control circuit 1 2 includes a a power 
level detector 13 for detecting the power level of a 
signal received from mobile units, a differential 

so amplifier 14 for generating a signal representative 
of the difference between the detected power level 
and a reference power level. If the mobile unit is 
located at far distance from the base station, the 
power level of the signal received from the mobile 

55 unit is low. The power control signal derived from 
this mobile unit raises the transmission power of 
the base station so that the mobile unit has as a 
sufficient field intensity to establish communication. 
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The output of differential amplifier 14 is con- 
verted to an analog-to-digital converter 15 where it 
is converted to a corresponding digital signal which 
is applied as a digital power control signal to a 
delay circuit 16 and a read-only memory 17 as a 5 
non-delayed version of the signal. The digital pow- 
er control signal is delayed for an interval T and 
applied to ROM 17 as a delayed version of the 
power control signal. The provision of delay circuit 
16 is to produce a differential signal at transitions 10 
of the power control signal from one power level to 
another. 

As illustrated in Fig. 2, ROM 17 is equivalent to 
a circuit including a subtracter 20, a nonlinear 
converter 21 and an adder 22. Subtractor 20 de- 15 
tects the difference between the delayed and non- 
delayed versions of the digital power control data 
and supplies a digital difference signal to the con- 
version circuit 21 where it is converted to a series 
of nonlinear digital values. As shown in Fig. 3, if the 20 
power level is initially at level "2" and then 
changes to level "1 ", subtractor 20 produces a 
one-level difference signal for the duration of delay 
interval T. Nonlinear converter 21 translates the 
input signal into a series of discrete values which 25 
vary in the range of one-level difference as a 
particular nonlinear function such as cosine curve. 
The output of the nonlinear converter is applied to 
adder 22 where it is summed with the output of the 
delay circuit 1 6. As a result, the output of adder 22 30 
increases from level "2" to level "1 " during the 
delay period T, starting with smaller steps, then at 
increasingly larger steps followed by decreasingly 
smaller steps as it approaches level "1 ". Therefore, 
when the power control signal changes from level 35 
"1 n to level "3", the output of adder 22 stepwisely 
decreases from level "1" to level "3" during the 
delay interval as indicated in Fig. 3. 

In a practical embodiment, the mathematical 
representations of the subtractor 20, nonlinear con- 40 
verter 21 and adder 22 are calculated as a function 
of various input values of subtractor 20 to generate 
data, which is stored in ROM 1 7. 

In this way, the power control signal, that is 
applied to multipliers 4A and 4B, changes gradually 45 
during power level transitions. Since the outputs of 
multipliers 4A and 4B are converted to analog form 
by D/A converters 5 A, 5B and low-pass filtered by 
LPF's 6A, 6B, the digital steps of the power control 
signal is smoothed into a curve and the transmis- so 
sion power of the base station is controlled without 
causing a spread of the transmission frequency 
spectrum. 

In addition, the use of the digital technique 
eliminates problems associated with analog compo- 55 
nent variabilities and allows compact power control 
circuit. 



Claims 

1. A digital modulator comprising: 

a power control circuit (12) for producing a 
digital power control signal; 

first and second digital multipliers (4A, 4B) 
for multiplying digital signals having orthogonal 
phase relationships with said digital power con- 
trol signal; 

first and second digital-to-analog (D/A) 
converters (5A, 5B) for converting digital output 
signals from said first and second multipliers 
into analog signals; 

first and second low-pass filters (6A, 6B) 
connected to outputs of said D/A converters, 
respectively; 

orthogonal modulator means (7A, 7B, 8, 9. 
11) for mixing orthogonal phase carriers with 
output signals from said first and second low- 
pass filters to produce first and second or- 
thogonally modulated signals and combining 
the modulated signals to produce a transmit 
signal; and 

amplifier means (10) for amplifying the 
transmit signal. 

2. A digital modulator as claimed in claim 1, 
wherein said digital power control circuit (12) 
comprises: 

a delay circuit (16) for delaying an input 
digital power control signal for a prescribed 
interval to produce a delayed version of the 
digital power control signal; and 

a memory (17) storing digital values in 
locations addressable in response to a non- 
delayed version of said input digital power 
control signal and the delayed version of said 
digital power control signal to produce a digital 
multiplying signal which varies gradually during 
said prescribed interval when there is a dif- 
ference in magnitude between said delayed 
and non-delayed versions of the power control 
signal, said digital multiplying signal being ap- 
plied to said digital multipliers (4A, 4B) as said 
digital power control signal. 

3. A digital modulator as claimed in claim 2, 
wherein the digital values stored in said mem- 
ory (17) are derived by subtractor means (20) 
for detecting a difference between said de- 
layed and non-delayed versions of the power 
control signal, means (21) for generating a 
sequence of nonlinearly varying digital values 
during said prescribed interval in response to 
said detected difference, and adder means 
(22) for summing the delayed version of said 
power control signal with the sequence of non- 
linearly varying digital values to produce said 
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digital values stored in said memory. 
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